| IMMUNE RESPONSE TO PATHOGENS
and neuropilin-1; Sakaguchi et al., 2008) . One of the main mechanisms that underlie Treg expansion upon infection is direct modulation of APCs by pathogen or its PAMPs. In addition, direct stimulation of Tregs is also reported for certain PAMPs.
| TREGS IN BACTERIAL INFECTIONS: INHIBITION OF PROTECTIVE IMMUNE RESPONSES
Tregs are expanded in several chronic bacterial infections such as tuberculosis. Tuberculosis patients have increased Tregs both at the site of infection and in the circulation that compromise protective interferon (IFN)-γ responses (Guyot-Revol, Innes, Hackforth, Hinks, & Lalvani, 2006; Hougardy et al., 2007) and interfere with stasis of mycobacterial growth in macrophages (Semple et al., 2013 ; Figure 2 ).
Detailed exploration in mice indicated that upon aerosol infection, expansion of Tregs occurs in the draining lymph nodes that defer the influx of effector CD4 + and CD8 + T cells to the lungs during early tuberculosis (Shafiani, Tucker-Heard, Kariyone, Takatsu, & Urdahl, 2010) and prevent bacilli clearance (Kursar et al., 2007; Scott-Browne et al., 2007) .
Tregs also have role in the persistence of other chronic bacterial infections such as Mycobacterium leprae, Streptococcus pneumonia, and Salmonella (Johanns, Ertelt, Rowe, & Way, 2010; Saini, Ramesh, & Nath, 2014; Zhang et al., 2011) . In case of Helicobacter pylori, adequate Treg response although prevents peptic ulcer (Rad et al., 2006; Robinson et al., 2008) , bacterial persistence leads to chronic inflammation and tumour induction. Tregs enhance susceptibility to prenatal pathogens wherein expansion of maternal Tregs predisposes to Listeria monocytogenes and Salmonella enterica and was dependent on IL-10 (Rowe, Ertelt, Aguilera, Farrar, & Way, 2011) .
Tregs also influence clinical outcome of bacterial disease due to altered tissue distribution properties. Human challenge studies with
Salmonella typhi showed that pathogen-specific upregulation of guthoming integrin α4β7 on Tregs is important determinator of typhoid disease outcome (McArthur et al., 2015) . Importantly, depletion of Tregs enhanced S. typhi-specific cytokine production by effectormemory CD8 + T cells in vitro.
In addition to expansion of Tregs, bacteria can enhance Treg migration at the site of infection by via chemokine axis such as CCL17/CCL22-CCR4 and CCL20-CCR6 axis (Cook et al., 2014; Wang, Sjolinder, Gao, Wan, & Sjolinder, 2016) and thus increasing the contact between them and target cells. Prostaglandin E2 (PGE2) (Garg et al., 2008; Holla et al., 2016; Periasamy et al., 2011; Singh, Mohan, Dey, & Mitra, 2013; Trinath, Maddur, Kaveri, Balaji, & Bayry, 2012) . Blockade of these pathways in vitro not only abrogated Treg expansion but also reciprocally enhanced IFN-γ responses (Periasamy et al., 2011; Singh et al., 2013; Stephen-Victor et al., 2015; Stephen-Victor et al., 2016) . Additional pathways include Treg activation and expansion by bacteria-derived superantigens that directly link MHC class II on APCs and TCR on T cells (Taylor & Llewelyn, 2010) and MHC class II and PGE2-dependent Treg expansion by human colonic myofibroblasts (Pinchuk et al., 2011) . with PD-L1 expressed on CD8 + T cells (Park et al., 2015) .
In contrast to chronic infections, Tregs have beneficial role in acute viral infections and it goes beyond controlling excessive inflammation and immunopathology (Stross et al., 2012) . Mucosal HSV infection in mice showed that Tregs are vital for the influx of NK cells, DCs, and T cells to the site of infection and hence for the early immune response (Lund, Hsing, Pham, & Rudensky, 2008) . Treg-derived TGF-β helps in the maintenance of memory CD8 T-cell response to West Nile virus (Graham, Da Costa, & Lund, 2014) parasitaemia (Scholzen, Mittag, Rogerson, Cooke, & Plebanski, 2009; Walther et al., 2005) . Further, TNFRII + subset of Tregs with enhanced suppressor functions was proposed to contribute for the severity of malaria (Minigo et al., 2009) . Of note, deficit in Tregs as observed in
Fulani ethnic group has been attributed to lower susceptibility towards malaria (Torcia et al., 2008) . All these studies suggest a detrimental role for Tregs in controlling parasitic infections.
Tregs have been implicated in disease reactivation as well. In
Leishmania infection model, transfer of Tregs from infected mice into chronically infected mice resulted in the reactivation of disease (Mendez, Reckling, Piccirillo, Sacks, & Belkaid, 2004) . In agreement with this, depletion of Tregs at the time of secondary challenge prevented disease reactivation (Mendez et al., 2004) . Also, the frequencies of Tregs are higher in aged individuals and mice than their younger counterparts (Lages et al., 2008) . Importantly, Tregs in aged mice spontaneously triggered the reactivation of chronic Leishmania infection (Lages et al., 2008) . Tregs in the colon has also been made (Cebula et al., 2013) . As helios can be expressed in induced Tregs, and during activation and proliferation of T cells, the use of helios as a marker to distinguish induced and thymus-derived Tregs is questionable (Szurek et al., 2015) . A substantial proportion of Tregs in the colon expresses RORγt, the lineage-specific transcription factor of Th17 cells (Sefik et al., 2015) . (Yang et al., 2016) . However, an important question that needs to be addressed is whether one can harness the potential benefits of gut microbiota in treating GI tract infections by improving Treg number and functions.
Some of the approaches include oral administration of prebiotics and probiotics. In addition, faecal microbial transplantation aiming at replenishing GI tract microbiota has shown great promise in treating
Clostridium difficile infection (Gough, Shaikh, & Manges, 2011) .
| TREGS DAMPEN IMMUNE RESPONSE TO VACCINES
Tregs inhibit intensity and duration of protective immunity to vaccines.
Murine models have shown that Tregs suppress vaccine-generated primary and memory T-cell responses against viruses, bacteria, recombinant subunit, and DNA vaccines (Moore et al., 2005; Toka, Suvas, & Rouse, 2004) . Human studies also suggest participation of Tregs in the suppression of immune response to vaccines (Wang, Tsai, Lei, Wang, & Liu, 2012) .
| FUTURE DIRECTION: TARGETING TREGS IN INFECTIOUS DISEASES
As discussed earlier, although Tregs suppress protective immune responses, they are also important to control inflammation. Therefore, it may not be ideal to inhibit Tregs in acute infections as generated Inhibition of this pathway leads to enhanced IFN-γ response in vitro to M. tuberculosis (Periasamy et al., 2011; Singh et al., 2013; StephenVictor et al., 2015) and increased proliferative capacity of HIV-specific CD8 + T cells ex vivo (Peligero et al., 2015) . Of note, blocking PD-1 pathway in combination with therapeutic LCMV vaccine synergistically augmented epitope-specific CD8 + T-cell response and accelerated viral clearance in mice (Ha et al., 2008) . In macaques, in vivo PD-1 blockade Tartour, & Tough, 2014; Bayry et al., 2008; Bosschem et al., 2015; Davies et al., 2009 ). Tregs were not altered in these vaccinated animals, and signs of autoimmune response were also not observed.
A humanised CCR4 MAb mogamulizumab developed for the treatment of CCR4-expressing T-cell lymphomas has been shown to deplete Tregs (Sugiyama et al., 2013) . Experimental model also reported enhanced anti-simian T-cell leukaemia virus type 1 immune responses upon CCR4 MAb administration (Sugata et al., 2016) .
Whether CCR4 MAbs enhance immune response in chronic infections remains to be explored.
Tregs are increased in AIDS patients and CCR5 expressed on Tregs has been implicated in the spread of HIV (Chachage et al., 2016 
| Blocking inducers of Tregs
Tregs are induced in the periphery by several molecules including TGF-β and PGE2. Therefore, targeting them provides options to inhibit Treg generation (Chen et al., 2015; Ohkura et al., 2011) .
| In silico determination of Treg epitopes in vaccine antigens
The "computational vaccinology" aiming at mapping of epitopes and designing antigens devoid of Treg epitopes might help in reducing Treg response to vaccines and hence improve protective immune response (Moise et al., 2015) . 
| Potential strategies to boost Tregs

